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Thesis entitled "Asymmetric Dihydroxylation and Wittig-Horner approach to the Synthesis of Bioactive Molecules and Heterogeneous Catalysis for Organic Transformations" is divided into five chapters. Chapter 1: describes a brief introduction to the Sharpless Asymmetric dihydroxylation (SAD) and its application to the synthesis of enantiomerically pure fluoxetine, phenylephrine and related analogs and is divided into two sections. Chapter 2: deals with the application of Wittig-Horner approach/Heck coupling reaction towards the synthesis of tamoxifen and mintlactone and is divided into three sections. Chapter 3: includes the synthesis, characterization and catalytic properties of sulfated yttrium based strong Lewis acid catalyst and is divided into two sections.Chapter 4: covers the application of zeolites in organic synthesis and is divided into three sections. Chapter 5: constitutes the synthesis, characterization and catalytic activity of sulfated cerium based new solid super acid catalyst and is divided into two sections. Chapter 1 Asymmetric dihydroxylation route towards synthesis of bioactive molecules This chapter gives a brief introduction to Sharpless asymmetric dihydroxylation (SAD) reaction. A catalytic asymmetric reaction provides an especially practical entry into the chiral world due to their economical use of asymmetric inducing agents. Especially useful is the carbon-heteroatom bond forming reactions, since the resulting functionality can be readily manipulated to produce many important classes of compounds. The SAD reaction is one such reaction developed in early 1990. 1 It has evolved as one of the most powerful methods for enantioselective oxidation of olefins to optically active vicinal diols that are versatile and convenient building blocks in the synthesis of bioactive compounds. In our synthetic endeavors we have employed the chiral diol compounds obtained by SAD reaction towards the synthesis of fluoxetine, phenylephrine and related analogs. The chapter is further divided into two sections. Section A: Enantioselective synthesis of norfluoxetine, fluoxetine and related analogs Fluoxetine 1, and its metabolite norfluoxetine 2 are among the most important pharmaceuticals for the treatment of psychiatric disorders (depression, anxiety, alcoholism) and also metabolic problems (obesity and bulimia).2 We have employed a short and efficient route for the synthesis of (R)-fluoxetine (Scheme 1). 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a70_figureNO19.jpg" \t "_blank​) The synthetic strategy features a Sharpless asymmetric dihydroxylation (SAD) route to the common building block 1,3-amino alcohol 5 from which (R)-norfluoxetine, (R)-fluoxetine were synthesized. Thus the asymmetric dihydroxylation of styrene 3 to the diol 4 followed by selective conversion of OH group into tosylate, nucleophilic displacement with cyanide and subsequent reduction provided the 1,3-amino alcohol 5. This key intermediate was then used to prepare the optically active (R)-norfluoxetine and (R)-fluoxetine by arylation with 4-chlorobenzotrifluoride. Conversion of (R)-norfluoxetine 2 to (R)-fluoxetine 1 was achieved via carbamate formation. Thus, a practical and highly enantioselective synthesis of (R)-fluoxetine 1 and (R)-norfluoxetine 2 has been achieved for the first time using SAD as the source of chirality. Section B: Enantioselective synthesis of (R)-phenylephrine hydrochloride Phenylephrine hydrochloride 6 is a potent adrenergic agent and ?-receptor sympathomemitic drug.3 So far only two chiral synthesis of this molecule is reported in literature. We have employed high yielding, enantioselective route for the synthesis of (R)-phenylephrine hydrochloride. The synthetic route is depicted in Scheme 2. The selective tosylation of 8 to 9 and subsequent deprotection of TBDMS group followed by nucleophilic displacement of OTs group with NaI gave iodo alcohol 11. Replacement of iodo group with methylamine followed by treatment with hydrochloric acid resulted in (R)-phenylephrine hydrochloride (Scheme 2). 
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Thus, a short and efficient asymmetric synthesis of (R)-phenylephrine hydrochloride is achieved.Chapter 2: Wittig - Horner approach and Heck coupling reaction towards the synthesis of Z-tamoxifen and mintlactone This chapter summarizes our studies on the Wittig-Horner approach and Heck coupling reaction towards the synthesis of tamoxifen and mintlactone and is further divided into three sections. Section A: A Wittig - Horner approach towards the synthesis of anticancer drug "tamoxifen" (Z) - Tamoxifen 4 12 (ICI - 46, 474, Nolvadex), a clinically useful triaryl ethylene, is a synthetic antiestrogenic drug that elicits varied endrogenic effects. It is a powerful non-steroidal drug useful for the treatment of hormone responsive human metastatic breast cancer as well as uterine, ovarian and prostatic neoplasm. Tamoxifen was first synthesized 4 in 1966 by Harper and Walpole, which resulted in a mixture of E and Z isomers, the E-tamoxifen, has no clinical uses. Our initial attempt to synthesize the target compound 12 by the normal Wittig reaction under varied reaction conditions failed. Therefore, a recent report by Ando 5 for the highly selective synthesis of Z-olefin using the Horner-Emmons reagent, ethyl (diarylphosphono) acetate was employed towards the tamoxifen synthesis. However, the Wittig-Horner reaction between the phosphonate 13 and ketone 14 gave tamoxifen 12 as a mixture of E and Z-isomers in 35: 65 ratio (Scheme 3). 
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Section B: Heck coupling reaction towards the synthesis of Z-tamoxifen We further employed the Heck process for the synthesis of Z-tamoxifen 12 as shown in Scheme 4. Condensation of phenyl acetone 15 with p-anisaldehyde gave olefin 16. The olefin 16 was subjected for Heck reaction with halobenzene in presence of catalytic amount of Pd (0) complex. Unfortunately, the Heck coupling reaction did not work under different reaction conditions. 
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Thus, Z-tamoxifen could not be synthesized employing Heck coupling reaction. Section C: A Wittig - Horner approach towards the synthesis of mintlactone Mintlactone 18 is a biologically useful compound.6 This section describes the asymmetric synthesis of 18. The synthetic route is depicted in Scheme 5. Thus, the reduction of cis-pulegone 19 and subsequent ozonolysis gave the keto alcohol 20, which on treatment with (EtO)2P(O)CH(CH3)COOH gave phosphonate 21. Intramolecular Wittig-Horner reaction of phosphonate 21 gave (-)-mintlactone. 
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Thus, a short and stereoselective synthesis of mintlactone has been achieved. Chapter 3: Synthesis and characterization of sulfated yttria-zirconia based Lewis acid catalyst and its applications for organic transformations Yttria-zirconia based strong Lewis acid catalyst was recently developed in our group and application of this catalyst was explored for Diels-Alder reaction.7 This chapter deals with the synthesis and physicochemical characterization of sulfated yttrium based strong Lewis acid catalyst and its applications for various organic transformations. This is further divided into two sections.Section A: Synthesis and physicochemical characterization of sulfated yttrium based strong Lewis acid The catalyst was prepared by mixing aq. solutions of yttrium nitrate and zirconium nitrate to which aqueous ammonia was added under vigorous stirring until a pH of 8.5 was achieved and precipitate was formed. Washing, drying and treating with sulfuric acid, further drying and subsequent calcination resulted in a highly acidic material. The chemical composition of the final catalyst was determined by XRF technique. The physicochemical characterization of catalyst was carried out by x-ray powder diffraction, FT-IR, potentiometric titration, temperature programmed desorption (TPD), scanning electron microscopy (SEM) and N2 adsorption techniques. Section B: Application of sulfated yttria-zirconia based Lewis acid catalyst for organic transformations This section describes the application of yttrium based strong Lewis acid catalyst for various organic transformations and is further divided into five sub-sections. Section I: A facile and selective transesterification of ? -keto esters by yttria- zirconia based Lewis acid Transesterification is an important reaction, which has wide application both in academic and industrial research.8 In general, the transesterification is accelerated by protic acid, Lewis acids and basic catalyst such as 4-(dimethylamino)pyridine, metal alkoxide and metal carbonate. 9 
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During our recent endeavor with yttria-zirconia based Lewis acid mediated synthesis of acetals 10 from carbonyl compounds, interestingly we observed an efficient trasesterification instead of carbonyl protection when the reaction was applied to ? -keto esters. This prompted us to initiate a systematic investigation on yttria-zirconia based Lewis acid catalyzed transesterification of ? -keto ester. The method developed by us is quite general as a wide range of structurally varied ? -keto esters such as open chain, cyclic and aromatic ones underwent transesterification with a variety of alcohols. The noteworthy feature of this method is that synthesis of ? -keto esters with an aromatic moiety can be achieved in excellent yield. The reaction is also selective for the primary alcohol over secondary in the case of 1,2-diol. Similarly OH group of 2-mercaptoethanol reacts preferentially over thiol and amine reacts faster than alcohol in the case of aliphatic amino alcohol. Thus, an efficient and selective method to effect transesterification of ? -keto esters by a variety of alcohol is developed. Section II: Synthesis of of ? -keto esters via condensation of methyl/ethyl diazoacetate with aldehydes catalyzed by yttria-zirconia based Lewis Acid There are several methods reported in the literature 11 for the synthesis ? -keto esters by the condensation of aldehydes with ethyl diazoacetate using Lewis acid catalyst. The main drawback of all the earlier methods was the low yield of the corresponding ? -keto esters when aromatic aldehydes were used as one of the substrate. 
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We applied yttria-zircona based Lewis acid catalyst for the synthesis of ? -keto esters by the condensation of aldehydes with methyl/ethyl diazoacetate. The reaction is general as a wide range of structurally varied aldehydes underwent condensation with methyl/ethyl diazoacetate to afford ? -keto esters in moderate to excellent yields (Scheme 7).Section III: Efficient and chemoselective acylation of alcohols, amines and thiols with acid anhydride and carboxylic acids promoted by Yttria-Zirconia based Lewis acid The acylation of alcohols, amines and thiols by acyl chloride or acid anhydrides under basic conditions is well established reactions in organic synthesis.12 Most commonly employed basic catalysts for this purpose are 4-(dimethylamino)pyridine and 4-pyrolidinopyridine (ppy).13 The Lewis acid catalyzed acylation of alcohols and amines is a mild strategic alternative to basic and nucleophilic catalysts. We have further extrapolated the catalytic potential of yttria-zirconia Lewis acid for acylation of alcohols, amine and thiols using acid anhydride or carboxylic acid as acylating agent.The present procedure for acylation is quite general as a wide range of structurally varied alcohols such as open chain, cyclic and aromatic ones underwent acylation with carboxylic acid or anhydride. The reaction was found to be chemoselective for the amino alcohol, 2-mercapto ethanol and 1,2-diol. Thus, using this method, acylation of an amino group in the presence of OH group, of OH group in the presence of SH and of a primary OH group in the presence of secondary OH group has been achieved with excellent selectivity. Another notable feature of this methodology is that even hindered substrates can be acylated in high yields under mild conditions. Thus, we have developed a simple and efficient method for the acylation of alcohols, amines and thiols using yttria-zirconia based Lewis acid as catalyst and carboxylic acids and anhydrides as acylating agents. Section IV: A facile procedure for tert-butoxycarbonylation of amines promoted by yttria-zirconia based strong Lewis acid catalyst The tert-butoxycarbonyl (Boc) is extensively used an amino protecting group in organic synthesis.12, 14 Although there has been several examples with regards to protection of amines as N-Boc group, the use of Lewis acid catalyst to effect the above transformation is rather scarce. The only method reported by Porta 15 used aliphatic amines with diethyl carbonate and catalyzed the transformation with different Lewis acid. However this method could not be extended to the synthesis of N-aryl derivatives. Thus, when a variety of amines were treated with Boc2O in the presence of catalytic amount of the new yttria-zirconia based catalyst, the corresponding N-Boc protected amines were obtained in excellent yields (Scheme 9) 
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The present protocol offers mild reaction conditions, selectivity and short reaction time. The noteworthy feature of this methodology is that the chiral substrate is resistant to racemization and labile functionalities such as esters is compatible with reaction condition. This is the first report of use of Lewis acid catalyst for amino group protection using Boc anhydride. Thus a new and facile procedure for tert-butoxycarbonylation of amines is developed. Section V: An expeditious synthesis of carbamates using yttria-zirconia based Lewis acid catalyst Carbamates are endowed with an array of biological activities. They are known to have pesticide,16a insecticide,16b antibiotic 16c and other pharmacological properties. They also serve as useful protecting groups in organic synthesis, particularly in peptide synthesis. A number of methods have been employed to prepare carbamates. However, the scope of existing methodologies for carbamate formation are limited by the operational complexity, need for specialized reagents and due to the lack of generality of the reaction. In continuation of our interest on the application of yttria-zirconia catalyst for organic transformation, we have further explored its catalytic potential for carbamate synthesis. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a70_figureNO27.jpg" \t "_blank​) 
The present procedure for carbamate synthesis is quite general. The reaction is remarkable fast and leads to high yields of product. The reaction is chemoselective in case of 2-amino phenol. Another noteworthy feature of this methodology is that amino group in amino acid could be protected easily demonstrating the practical utility of this protocol particularly in peptide synthesis. Under the reaction condition employed, the ester and silyl ether groups remain unaffected and there is no racemization of the chiral substrate encompassing amino acid. Thus, an expeditious synthesis of carbamates using yttria-zirconia based Lewis acid as a catalyst has been achieved. Chapter 4: Application of zeolites for organic transformations Zeolites are porous, crystalline, hydrated aluminosilicates, molecular sieves having highly ordered rigid three dimensional infinite frame work. These structures are built by the sharing of SiO4 and AlO4, tetrahedra, linked through common oxygen atoms. They are thermally stable, shape selective and acidic or basic in nature having void and channels. This chapter deals with the application of zeolites in organic synthesis. This is further divided into three sections. Section A covers the application of Rho- zeolite for Anti-Morkovnikov addition of thiols across the double bond. Section B describes the utility of H-? zeolite for deprotection of allyl esters. The last section includes the results of oxidation of furan and allyl chloride over TS-1/H2O2 system. Section A: Anti-Markovnikov addition of thiols across double bonds catalyzed by H-Rho-zeolite In general, the protic acid or Lewis acid catalyzed addition of thiols across double bonds is known to give thioethers having structure which are accordance with Markovnikov's rule. However, in the presence of free radical initiator, thiols have been reported to add to double or triple bonds in anti-Markovnikov fashion by a free radical mechanism.17 We have developed a new and catalytic method for the thiol addition across double bond using H-Rho-zeolite (Scheme 11). 
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The reaction is quite general as a wide range of olefins can be reacted with thiols easily under mild conditions affording exclusively anti-Markovnikov products. Interestingly, due to steric constraints on the diffusional path of the molecules imposed by the different structural feature of the zeolite, the more bulkier Markovnikov adduct could not be retained in the zeolite pore and presumably for this reason only anti-Markovnikov product was obtained. Thus a facile, heterogeneous catalytic method for the anti-Markovnikov addition of thiols to a variety of olefinic compounds has been established. Section B: Facile and selective deprotection of allyl esters catalyzed by H-? zeolite Functional group protection and deprotection strategies are quite often a necessary requirement in the manipulation of multifunctional organic molecules.12, 18 The carboxyl function is one of the most important groups in organic molecules and its controlled manipulation during the synthesis is of great value to synthetic organic chemistry. We have developed an unprecedented, convenient and heterogeneous catalytic methodology for deprotection of allyl ester using H-? zeolite (Scheme 12). 
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When allyl esters were refluxed in toluene in the presence of catalytic amount of H-? zeolite, the corresponding acids were obtained in excellent yields. The allyl esters were deprotected selectively in the presence of methyl ester in mixed ester. The method was also found selective for the deprotection of aromatic allyl esters. Allyl esters derived from aliphatic acid failed to undergo reaction. Thus, a method for regeneration of carboxylic acids from their corresponding allyl or cinnamyl esters by H-? zeolite under environmentally safe, heterogeneous reaction conditions has been developed. Section C: Oxidation reaction over TS-1/ H2O2 system Titanium silicate molecular sieve, having MFI (TS-1) topology, efficiently catalyzes the oxidation reaction using dilute hydrogen peroxide as an oxidizing agent. This section deals with the oxidation of furan and allyl chloride with aq. H2O2 over titanium silicate (TS-1) molecular sieve and is further divided into two sub-sections. Section I: An efficient synthesis of 5-Hydroxy-2(5H)-furanone using titanium silicate molecular sieve catalyst This part describes the application of TS-1 catalyst for the oxidation of furan to 5- hydroxy-2(5H)-furanone. 5-Hydroxy-2(5H)-furanone is a key constituent in a number of biologically active compounds such as manoalide (a nonsteroidal anti-inflammatory agent), secomanolide, luffariellin, thoreotolide and cacospongiolide.19 It has been also used as a useful synthon in the total synthesis of portulal, (d,l)-strigol and camptothecin. Titanium silicate molecular sieve, efficiently catalyzes the oxidation of furan to the corresponding 5-hydroxy-2(5H)-furanone in excellent yields, using dilute hydrogen peroxide (25%) as an oxidizing agent; mechanistically the intermediacy of 1 O2 has been proposed (Scheme 13). 
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Thus, a facile heterogeneous catalytic method for the oxidation of furan to the corresponding hydroxylactone has been developed. The method offers a practical alternative to conventional methods and the process itself is environmentally friendly with minimal waste. Section II: Synthesis of epichlorohydrin using titanium silicate (TS-1) molecular sieve and hydrogen peroxide system This part describes the epoxidation of allyl chloride to epichlorohydrin (Scheme 14). We have developed an efficient, high yielding synthesis of epichlorohydrin by the epoxidation of allyl chloride over TS-1 / H2O2 in a mixed solvent systems. In this system solvent plays very significant role in the conversion of allyl chloride to epichlorohydrin selectively. Protic solvent like methanol is found to be good for higher allyl chloride conversion while aprotic solvents was useful particularly for higher selectivity. Mixed solvent systems using acetonitrile and methanol in various proportions are systematically studied with the aim to maximize the H2O2 utilization towards the epichlorohydrin formation.Thus, a method for the epoxidation of allyl chloride to epichlorohydrin under mixed solvent systems has been developed. Chapter 5: Synthesis, characterization and catalytic properties of new cerium based strong Lewis acid Yttria-zirconia based strong Lewis acid catalyst was recently developed in our group and application of this catalyst was explored for a variety of organic transformations. This prompted us to develop a new solid catalyst with enhanced and better catalytic activity. This chapter deals with the synthesis and physicochemical characterization of sulfated cerium based strong Lewis acid catalyst and its applications for organic transformations. This is further divided into two sections.Section A: Synthesis and physicochemical characterization of sulfated cerium based strong Lewis acid The catalyst was prepared by mixing aq. solutions of yttrium nitrate and cerium nitrate to which aqueous ammonia was added until pH of 8.5 was achieved and precipitate was formed. Washing, drying, treating with sulfuric acid (2N), and again drying at 120 ?C and subsequent calcinations at 500 ?C resulted in a highly acidic material. The chemical composition of the final catalyst was determined by XRF technique. The physicochemical characterization of the catalyst was carried out by titration, temperature programmed desorption (TPD), scanning electron microscopy (SEM) and N2 adsorption techniques. Section B: Application of sulfated ceria-zirconia based Lewis acid catalyst for organic transformations This section describes the application of cerium based strong Lewis acid catalyst for various organic transformations and is further divided into three parts. Part I covers the application of cerium based strong Lewis acid catalyst for the intramolecular ene reaction; for example the conversion of citronellal to isopulegol has been investigated. Second part deals with the catalytic potential of this catalyst for acylation of alcohols with acid anhydrides and carboxylic acids. Last and third part includes the application of cerium based Lewis acid catalyst for transesterification of ? -keto esters. Thus we have developed a new cerium based strong Lewis acid catalyst and its application was explored for the intramolecular ene reaction, acylation reaction of alcohols and tranesterification of ? -keto esters. 


